Introduction
The intestinal mucosa is highly sensible to ischemic injury. In addition, reperfusion may increase the primary lesion promoting further tissue damage 1 . Mortality rate in this condition is usually high and even when bowel ischemia is under control, death may occur due to multiple organ failure 2 . The mechanisms involved during ischemiareperfusion injury (IRI) are complex and seems to be mediated by reactive oxygen metabolites followed by priming and activation of polymorphonuclear neutrophils (PMN) 1 . In brief, large amounts of xanthine dehydrogenase are converted to xanthine oxidase during ischemia by a calcium-dependent proteolytic process. Superoxide, hydrogen peroxide, and hydroxyl radical are formed and may then cause mucosal injury both by direct action and by secondary activation of PMN 1, 3 . Other consequence of the ischemic bowel injury is the disruption of the gut mucosal barrier predisposing the egress of harmful microorganisms and/or their toxins in a phenomenon called bacterial translocation. In fact, intestinal permeability seems to be increased during experimental IRI 4 . Nutritional solutions may have a role in IRI. Glutamine, the most abundant amino acid in blood, is the preferred fuel for the enterocyte and seems to prevent intestinal mucosal damage and enhance neutrophils function in critical illness and trauma 5 . The presence of glutamine may maintain glutathione levels during experimental IRI 6 . Glutathione is an important intracellular scavenger and its synthesis is dependent on the presence of glutamine. In the rat model, most of the oxidized glutathione is generated during ischemia rather than reperfusion 7 . We have previously demonstrated that intraluminal glutamine protects the mucosal injury due to IRI in rats 8 . Butyrate, propionate and acetate, the most important short chain fatty acids (SCFA) are the best fuel for the colonocyte but can be used by the enterocyte as substrate 9 . Indeed, amounts of SCFA are absorbed and metabolized in distal small bowel 10 . SCFA may also stimulate the microcirculation in the human rectum 11 . Therefore, it seems plausible to hypothesize that the absorption of SCFA at the intestinal lumen may protect the gut mucosa from the deleterious effects of IRI or at least, decelerate the evolution of the process. Thus, the aim of this study was to investigate the effect of intraluminal SCFA on the intestinal mucosa in the presence of ischemia-reperfusion injury.
Methods
Ten Wistar rats obtained from the University of Mato Grosso Central Animal Laboratory were firstly admitted to laboratory environment three days prior to the experiment in 12 h cycles of light/dark in a constant room temperature of 25 o C. They were submitted under general anesthesia with intraperitoneal injection of thiopental (30 mg/kg) to a 4 cm median laparotomy. All animals breathe spontaneously during all the procedure. The experiment follows the COBEA (Brazilian Committee on Experimental Animal Care) guidelines adopted by the Federal University of Mato Grosso. The whole intestine was exposed and then a six cm long segment of the proximal jejunum, five cm below the duodenal jejunal angle was isolated to create three blind compartments of the gut by loosely tying four 3-0 cotton occlusive ligatures through avascular breaches of the mesentery. The same procedure was performed in an ileal segment five cm proximal to the ileocecal valve. The length of each sac was approximately two cm and they were identified as segments J1, JC and J2 at the jejunum and segments I1, IC and I2 at the ileum ( Figure 1, A and B) .
Both at the created jejunum and at the ileum segments, the mesenteric vessels destining to the two lateral sacs (J1, J2, I1 and I2) were occluded with noncrushing vascular clamps to promote ischemia for 15 minutes while the medial sacs (JC and IC) were let free to receive blood supply. At both segments J1 and I1, immediately after clamping the mesenteric vessels, 1-2 mL of a solution containing SCFA (Sigma-Aldrich, USA; composition: sodium acetate, 60 mM; sodium propionate, 30 mM; and sodium butyrate 40 mM; osmolarity = 280mOsm/L; pH=7) was injected at the bowel lumen just to fill the sac, caring to avoid over distension. All injections were done with a syringe and a small bore needle at the antimesenteric border. This composition is approximately what is found at cecal lumen. At segments J2 and I2, the same procedure was done using only saline.
FIGURE 1 -Isolated intestinal segments at the jejunum (A)
and at the ileum (B) and position of the vascular clamps.
No fluid was injected in sacs JC and IC. The clamps were then removed followed by 15 minutes of intestinal reperfusion. After that, the jejunal and ileal segments were excised, rinsed in ice-cold water and opened longitudinally. The rats were then killed by an overdose of inhalatory ether. The specimens were preserved at 4 o C until full thickness punches of total intestinal wall were obtained from the midportion of the six sacs in all animals. The specimens were immediately stored in 10% formaldehyde and sent for microscopy analysis. At optical microscopy, hematoxylineosin stained slides cut sagitally to the serosa were analyzed by an independent observer blind to the groups, to grade the mucosal lesion according to the Chiu's system 12 . In summary, a score varying from zero to five was attributed to each slide to express the crescent severity of the ischemic mucosal injury (Table 1 ). The mean number of neutrophils counted at the lamina propria in five randomly and nonconsecutive fields in each slide (400X magnification) was registered. One-way analysis of variance (number of neutrophils per field) or the Kruskal-Wallis's test (Chiu's score) followed by Tukey's test or LSD was used to compare the data. A 5% level was established for significance (p<0.05). Data were expressed as mean ±SD or median (range) as appropriate.
Results
Both at the jejunum (control = 2 [0-4]; saline = 3 [1] [2] [3] [4] ) and at the ileum segments (control = 2 [0-4]; saline = 4 [1] [2] [3] [4] [5] ), the attributed score of the mucosal injury was higher in the saline sac than in control sacs (p=0.02 for both jejunum The SCFA treated sacs showed lesser score at the ileum (p=0.03) but were not significantly different at the jejunum (p=0.83) when compared with saline sacs (Figures 2 and 3 ).
FIGURE 4 -Mean ± SD number of neutrophils per microscopic field counted at the lamina propria at the jejunum in the three sacs. *, P < 0.01 vs. saline.
FIGURE 5 -Mean ± SD number of neutrophils per microscopic field counted at the lamina propria at the ileum in the three sacs. *, P < 0.01 vs. saline.
The comparison among the mean number of neutrophils per field among the sacs in the two intestinal segments can be seen in Figures 4 and 5 . In both segments, the mean number of neutrophils was similar in SCFA (jejunum = 55 ± 9; ileum = 58 ± 5 neutrophils per field) and control sac (jejunum = 50 ± 15; ileum = 53 ± 4 neutrophils per field). However, neutrophils were significantly more frequent in the saline sacs at both the jejunum (72 ± 10 neutrophils per field) and ileal (68 ± 10 neutrophils per field) segments when compared with the other two sacs (p < 0.01).
Discussion
Our findings consistently showed that the presence of intraluminal SCFA has improved not only the mucosal damage at the ileum but also the inflammatory reaction assessed by the presence of PMN at the lamina propria in both segments. It implies that SCFA, if disposable at the lumen may protect the gut mucosa from the IRI especially in distal sites of the small bowel. These findings were also consistent with the use of intraluminal glutamine as published earlier suggesting that nutritional solutions may play a role in diminishing the repercussion of IRI 8, 13 . The model used in this experiment had the advantage of evaluate solutions in the same animal providing best judgment to meet the goals of the study. Moreover, the presence of a control sac continuing to receive blood supply was important for the comparisons as well. There is no consensus in the literature on how the injury followed by ischemiareperfusion of the gut should be graded. However, it is common to assess the IRI by histological evaluation 12, 14, 15 . Many systems of histological grading have been reported but it seems that the Chiu's system is reliable, has been sufficiently validated and is most suitable to be used. 15 In this animal model, it was considered 15 minutes of ischemia followed by 15 minutes of reperfusion. A limitation for this study is the time used to promote ischemia and reperfusion because it might not adequate to let the injuries occur. As no other paper has reported the effect of intraluminal injection of SCFA during IRI, further investigations are necessary to clarify if this period of time was suitable for an appropriate absorption and protection conferred by the SCFA to the mucosa. This would be important to explain the diminished mucosal injury at the ileum promoted by SCFA injection found in this study. Neutrophils seem to play an important role in the IRI. During the evolution of IRI, oxidant-induced degranulation of mast cells is followed by the recruitment of PMN (mostly neutrophils) from the bloodstream to the gut. Many inflammatory mediators such as cytokines, platelet-activating factor, leukotrienes and histamine are promptly released by the mast cells 16 . Another event that takes place in IRI is the upregulation of endothelial adhesion molecules, particularly P-selectin. This upregulation results in a sticky endothelium, prone to PMN adhesion. Polymorphonuclear neutrophils can potentially damage the gut mucosa via the oxidative burst phenomenon and the liberation of metalloproteins that include elastase and myeloperoxidase 1,17. Interventions directed at either depleting PMN with anti-neutrophil serum or preventing leukocyte adhesion attenuate the tissue damage 18 . All these physiologic derangements lead to organ dysfunction that is characterized by an increased mucosal permeability. Consequently, bacterial translocation and multiple system organ failure may occur 19 . In this paper it was not evaluated either the occurrence of bacterial translocation or inflammatory mediators. Although this information would be of some interest, we have attained to the aim of the study and investigated only the intensity of injury at the mucosa and the accumulation of neutrophils. The oxygen metabolites produced during ischemia-reperfusion may determine cell injury by directly reacting with the polyunsaturated fatty acids of the cell membrane leading to cell death 20 . In this context, SCFA has been used and in fact improved the evolution of cases of ischemic colitis 21 . Moreover, intraluminal SCFA has enhanced colonic anastomosis that was performed in the presence of ischemia 22 . Another potential application of SCFA is during the preparation of intestinal graft for transplantation. Since there is no preservation solution specifically designed for storage of small bowel grafts, the use of either glutamine 23 or SCFA as nutritional solutions aiming to maintain the structure and function of intestinal grafts could be interesting for the success of the transplantation. Furthermore, SCFA may decrease bacterial translocation in rats 24 . Bacterial translocation of enteric organisms is the major cause of sepsis in patients undergoing small bowel transplantation 25 . However, the actual role of SCFA in this ischemia-reperfusion environment demands questions that urge to be answered in further studies. The results of this experiment suggest that the presence of intraluminal SCFA is effective in diminishing or delaying the mucosal damage during ischemia-reperfusion. Although this was not entirely detected at the jejunum, the findings in distal small bowel were most evident. This could be essential in many circumstances and may save time when ischemia is reversible. Although the findings of an experimental study should be transposing to the clinical setting with caution, we conclude that intraluminal SCFA protects the distal small bowel mucosa and diminish the approach of neutrophils at the gut lamina propria in IRI.
